Introduction

I
n April 2007 in Northern Ireland, smoke-free legislation was enacted in workplaces, including bars, to protect workers and the public from the serious health effects of second hand smoke (SHS). 1 Before the legislation, there were concerns about its possible impact on the bar trade with the possibility of job losses, the level of public compliance that could be achieved 2 and the risk of increased smoking at home. 3 A survey 4 in 2004 found that 10.5% of smokers and 50.5% of non-smokers supported a completely smoke-free environment in bars in N. Ireland.
While it is too early to measure the impact of the legislation on cancer, strokes and heart disease, the first signs of reduction in SHS on health are on reported respiratory and sensory symptoms. [5] [6] [7] The objectives of this study were to assess, before and after the introduction of the smoke-free legislation, bar workers' self-reported (1) levels of respiratory and sensory irritation symptoms, (2) exposure levels to SHS in the workplace, social environment and at home, and (3) attitudes to the legislation.
Methods
Participants
The Belfast bars in the study consisted of 10 bars (out of a possible 11) belonging to Botanic Inns Limited and 25 bars selected from $40-50 bars on the official Belfast tourism website (http://www.gotoBelfast.com); these bars were more likely to be busy bars. In 2007, there were 232 bars in Belfast.
Data collection
A short self-completing questionnaire designed by A.D. was similar to that used by Allwright et al. 5 It sought self-reported information on bar workers' (1) demographics and smoking consumption; (2) hours of SHS exposure per week at work, home and in social settings; (3) experience in the past 2 weeks of respiratory and sensory irritation symptoms and (4) attitudes towards the legislation. The same information was sought pre-and post-legislation facilitating a before and after comparison. The questionnaires are available at http:// www.ulstercancer.org/smoke-free-survey.
Two surveys were conducted, one in March 2007, a month prior to the introduction of the legislation in April 2007, the second afterwards in July 2007. A.D. visited bars and asked staff present to self-complete a questionnaire; extra forms were left with senior staff to be completed by absent bar workers with an agreed date for collection. No personal or workplace names were requested. As the same bars were visited before and after the legislation, there is likely to be a sizeable overlap of participants who completed the form on both occasions.
Data analyses
The statistical analysis was performed in Stata (Version 9) and SPSS (Version 15.0). 8 The independence of categorical variables was tested using a Pearson's 2 or a Fisher's Exact test. The Wilcoxon Signed Rank Test (WSRT) was used to compare variables that had non-normal distributions.
Binomial responses to questions were analysed using logistic regression; the question asked to the staff whether they were glad of the legislation was recoded 'glad' = 1; 'unsure' or 'not glad' = 0, and the question regarding business effects of legislation was recoded 'decreased' = 1; 'nochange', 'unsure' or 'increase' = 0. The logistic models fitted consisted of two independent variables, 'smoking/non-smoking status' (S) and 'pre/post legislation' (L) and testing their interaction (SxL). Estimates of percentage differences and their 95% confidence intervals (CI) were obtained using the 'nlcom' command in Stata. The following potential confounders were tested by adding all of them to the S, L and SxL variables in the logistic models: sex, age ( or >25 years old), shifts (day, evening or both), hours worked per week ( 30, 31-40 or >40) and years employed (< or !5). A potential confounder is reported here if its p-value was <0.10 (Wald test) when it was sequentially entered last in the model (Type III analysis); this analysis was carried out using SPSS.
Results
One hundred and ten questionnaires were collected in each of the pre-and post-legislation surveys. Smokers made up 51.2% (41.6% daily smokers [n before = 46; n after = 45], 9.6% occasional smokers [n before = 12; n after = 9]) of respondents in both surveys combined. There was a non-significant (P = 0.59) decline in the proportion of occasional smokers (of all smokers) from 20.7% (n = 12) pre-legislation to 16 .7% (n = 9) post-legislation. To focus on daily smokers and nonsmokers, the occasional smokers from the pre-and postlegislation survey were removed from the study analysis. Figure 1 The demography, smoking status and work-related information of the bar workers who participated in the surveys before and after the introduction of smoke-free legislation
Smoke-free legislation in Belfast bars
In addition, a further questionnaire was excluded where the respondent did not declare their smoking status; this left 97 and 101 participants in the study, pre-and post-legislation. The distribution of the following categorical variables did not differ significantly before and after the smoke-free legislation was introduced (P-values in brackets): sex (P = 0.84), age (P = 0.43), smoking status (P = 0.82), type of shifts worked (P = 0.67), weekly hours worked (P = 0.79) and years employed (P = 0.78), (see figure 1 for raw data).
A majority of smokers (63.5%) lived with other smokers, in comparison with 42.6% for non-smokers (P = 0.004). There was a non-significant (P = 0.41; WRST) change in the reported daily number of cigarettes smoked by smokers from prior to smoke-free legislation (mean 13.5; median 11) to after (mean 16.6; median 15). There was a non-significant (P = 0.69) decline in the proportion of daily smokers after the smokefree legislation's introduction from 47.4% to 44.6%.
The reported hours of exposure to SHS decreased significantly (P < 0.001; WRST) after the smoke-free legislation in all locations: at work, home and in the social environment (figure 2). The difference in the hours of exposure to SHS at home before and after the legislation was analysed separately for the following scenarios: (a) bar worker who smokes living with a smoker [n before = 25, n after = 25], (b) bar worker who smokes not living with a smoker [n before = 8, n after = 16], (c) bar worker who does not smoke living with a smoker [n before = 17, n after = 22] and (d) bar worker who does not smoke not living with a smoker [n before = 20, n after = 29]. There was a significant decline in reported hours of exposure for households in which the bar worker had a different smoking status to the other residents, i.e. scenarios (b) with P = 0.04 (WRST) [2/8 reported >0 h exposure before versus 0/16 after] and (c) median hours of exposure per week from 6 to 0 hours (P = 0.005 [WRST] ) and mean hours from 11 to 6 hours. There was some evidence that scenario (a) also experienced a reduction in the hours exposure to SHS at home; median hours declined from 10 to 6 (WRST P-value = 0.13) and mean hours from 22.7 to 9.4 before and after the legislation, respectively.
For the symptom and attitude response variables in Tables 1  and 3 , respectively, all potential confounders were added to the S, L, & SxL model, and those whose Type III p-values (Wald test) were <0.10 were retained to adjust the odds ratios in Table 2 ; these confounders are described below. Bar workers who either worked longer hours (P = 0.039) (in particular 31-40 h per week) or the night/evening shift (P = 0.078) were more likely to report at least one respiratory symptom. Wheeze was more likely to be reported by male (P = 0.043) staff and those who worked longer hours (P = 0.031) (in particular 31-40 h per week). Younger bar workers were more likely to report at least one sensory irritation symptom (P = 0.04). Nose irritation symptoms were more likely to be reported by bar staff who worked long hours (P = 0.018) or the evening/ night shift (P = 0.026). Older (P = 0.035) bar staff was more anxious about the effect of second-hand smoke on health. Bar staff who worked long hours (P = 0.08) and male (P = 0.024) staff believed more strongly that the legislation would decrease business.
After the legislation, the proportion of bar workers reporting at least one respiratory symptom declined by 18.1% (CI 6.8-29.4%; P = 0.002) for smokers and 25.1% (CI 10.4-39.8%; P < 0.01) for non-smokers (table 1). The level of wheezing among non-smokers declined significantly by 26.9% (CI 12.1-41.6%; P = 0.001) but not among smokers (5.9%, P = 0.58); this type of interaction, SxL, occurred also in 'cough first thing in the morning' and 'cough in day or night' (table 1) . Smokers had greater odds of reporting 'shortness of breath' than non-smokers (odds ratio 2.02, CI 1.08-3.77, P = 0.027, table 2); likewise, there was greater odds of reporting this symptom before the legislation (odds ratio 2.62 CI 1.4-4.92, P = 0.003).
The proportion of bar workers reporting 'at least one sensory symptom' declined by 36% (CI 19.7-52.2%, P = 0.001) for non-smokers, but not significantly for smokers (5.2%, P = 0.54) (table 1). Irrespective of smoking status, there was greater odds of reporting running nose before the legislation than after (adjusted odds ratio 2.38, CI 1.29-4.42, P = 0.005, table 2). For the level of 'sore or scratching throat', there was a significant SxL interaction (P = 0.006); after the legislation, its level declined among non-smokers by 41.5% (CI 25.2-57.8%, P < 0.001), but only by 7.2% (P = 0.50) for smokers (table 1) . For non-smokers, the odds of reported eye irritation 
Location
Mean hours per week
Pre-legislation (n=na) Post-legislation (n=nb) Figure 2 Self-reported weekly hours of second-hand smoke exposure before and after introduction of smoke-free workplaces.
The median hours of reported exposure to SHS before the legislation was 35 h for work, 2 h for home and 10 h for social life environment; after the legislation it was zero hours for all environments 640
European Journal of Public Health was greater before the legislation than after (odds ratio 7.72 CI 3.25-18.36, P < 0.001); there was evidence of a similar phenomenon for smokers (odds ratio 2.28 CI 0.90-5.78, P = 0.08, (table 2) . Across both pre-and post-legislation surveys, smokers had lower odds of reporting anxiety about the effects of secondhand smoke than non-smokers (adjusted odds ratio 0.14, CI 0.07-0.27, P < 0.001, table 2). After the legislation, smokers' level of reported anxiety about second-hand smoke declined by 17.8% (CI 1.9-33.8%, P = 0.028) and among non-smokers the decline was 10.0% (CI 3.0-19.3%, P = 0.03) (table 3).
The proportion of bar staff who were satisfied or 'glad' of the smoke-free legislation remained unchanged pre-/postlegislation; however, the predicted difference, given no pre-/ post-legislation effect, between non-smokers (91.3%) and smokers (73.6%) was 17.7% (CI 7.0-28.5%, P = 0.002) (table 3) . Smokers had a greater odds of believing that the smoke-free legislation would reduce business (adjusted odds ratio 2.29 CI 1.18-4.46, P = 0.015, table 2) after the introduction of the legislation. There was some evidence that before the legislation there was greater odds of bar staff believing that business would decline because of the legislation (odds ratio 1.84, CI 0.95-3.55, P = 0.07, table 2). After the legislation's enactment, a large majority of bar workers believed that their workplace was subsequently healthier (98%, Table 3 ).
Discussion
Main findings of this study
There was a high proportion of smokers (51%, including social smokers) present among the recruited bar workers, which is Table 2 The adjusted ORs (with 95% confidence intervals) for the prevalence of respiratory and sensory irritation symptoms, and of affirmative responses to attitude questions of bar workers comparing (a) pre-to post-introduction of smoke-free legislation separately for smokers and non-smokers and (b) smokers to non-smokers separately for before and after the smoke-free legislation a: The ORs calculated above were adjusted for SxL interaction and/or confounders that had a P-value <0.10; if the 95% CI does not contain 1 then it is said to be significant at 5% level. An interaction term has been fitted in the model when the OR of having a symptom before and after the legislation differs between smokers and non-smokers; similarly, when the OR of smoker to non-smoker differs between pre-and post-legislation a: Terms with a P-value < 0.10, including main effects if interaction was significant, were used to estimate the predicted prevalence (%)
Smoke-free legislation in Belfast bars more than twice the overall smoking prevalence for N. Ireland at 25% in 2006/7. 9 High self-reported prevalence of smoking, 54%, occurred among bar workers in Cork, Ireland 10 in 2004. As well as protecting customers from high levels of secondhand smoke, the smoke-free legislation in N. Ireland will directly affect an occupational group with high smoking prevalence.
The study demonstrates that there were substantial declines in self-reported respiratory irritation symptoms in the wake of the smoke-free legislation ranging from 1.3% to 18.6% for smokers, and from 21.9% to 33.2% for non-smokers; likewise sensory symptoms declined ranging from 7.3% to 17.7% for smokers and from 29.6% to 46.8% for non-smokers. Similar results have occurred elsewhere, particularly for non-smoking bar staff. [5] [6] [7] 11 The present study highlights that bar staff who smoked daily had reduced respiratory and sensory symptoms after the smoke-free legislation similar to but lower than the findings of Eisner et al. 12 who showed 63% and 80% no longer reporting respiratory and sensory symptoms, respectively. The study also indicates that reductions in wheeze, cough and throat symptoms after the legislation were much greater among non-smokers than smokers; a phenomenon confirmed by significant interaction terms in the logistic regression. The decline in symptoms for non-smoking bar staff is a possible indication of the effect of second-hand smoke on these symptoms of the non-smoking patrons in the bar. The most consistent confounders that increased symptom prevalence were shift and hours worked; bar staff who worked >30 h or on the evening/night shift had greater odds of having a nose irritation symptom or at least one respiratory symptom.
The self-reported hours of exposure to SHS decreased at work, home and social life. This study contributes positive evidence of a reported reduction in the hours of SHS exposure in the home as a result of the legislation in situations where either (1) the bar worker was the only smoker in the home, or (2) the bar worker was not a smoker but lived with a smoker. Before the legislation, it was feared that the legislation would displace smoking in the bar to the home 3 ; viewed in this perspective, the present results are consistent with two studies in Scotland 13, 14 that showed no evidence of an increase in SHS exposure in the home, and other studies showing reductions in the prevalence of smoking or SHS in the home. 15, 16 The proportion of bar staff, who were satisfied with the legislation, remained unchanged across the surveys, though at different levels for smokers (75%) and non-smokers (91%). Other studies [17] [18] [19] reported an increase in satisfaction with the legislation on it becoming law; perhaps there was a higher prior acceptance of the legislation in N. Ireland due to the positive experience of smoke-free legislation elsewhere. It is possible also that measuring change in attitudes may require a longer follow-up period than was employed in this study. The number of bar staff who felt the legislation would reduce business did decline after the legislation's enactment by 12%-similar to a finding in Scotland, 17 but different to the Republic of Ireland where the proportion of bar workers who believed business would decline increased from 51% to 63%. 18 Both pre-and post-legislation questionnaires had less than 30 questions; this ease in completing may have enhanced the response rate. The lack of change in the two samples of bar workers' profile (age and sex), working history and current shift arrangements from before to after the smoke-free legislation suggests that there was a considerable overlap in both the pre-and post-legislation surveys. In spite of the inability to pair the data before and after the study, enough significant results emerged from the study to suggest that the statistical power was adequate, particularly for the nonsmokers. The selected sample of bars is more likely to represent successful and busy bars in the city of Belfast and hence should be borne in mind when generalizing to all bars in N. Ireland. The compliance with the legislation among licensed bars and clubs was high across N. Ireland at 93.6%; 20 suggesting that the effects reported here in Belfast may have occurred across N. Ireland.
The study relied solely on a self-reporting questionnaire. Similar studies have been enhanced with objective parallel measurements of air quality, salivary cotinine and pulmonary function. [5] [6] [7] 21 By not collecting personal information, we may have encouraged sincerity in self-reporting or about the establishment that one works in. The bar staff that completed the questionnaires were not a random, but a haphazard sample dependant on circumstances; this could have allowed some unknown biases to enter the study. 
Key points
Bar workers in Belfast reported reductions in both respiratory and sensory irritation symptoms linked with the introduction of the smoke-free legislation. This study highlights a greater improvement among non-smokers in reported wheeze, cough, and throat symptoms after the legislation than among the smokers.
After the legislation, a group of workers with a high prevalence of smokers reported a fall in the hours of exposure to second-hand smoke in work, home and social environment. The study indicates that smoke-free legislation appears to promote a healthier working environment, and rather than adversely affecting the environment at home, it may improve it.
